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Introduction
Despite of intensive research efforts focused on involvement of oxidative stress in pathophysiology of diabetes and its associated complications, the role of cellular adaptive responses to oxidative stress in developing insulin resistance still remains incompletely understood. Several reports have shown that, hyperglycemia associated with diabetes generates free radicals which ultimately alters insulin signaling and thus can lead to insulin resistance [1] .
Recently, it has been reported that acute fluctuations in levels of glucose produces strong deleterious effects rather than sustained hyperglycemia in diabetic patients [2] . Growing body of evidence suggests that H 2 O 2 is a ubiquitous intracellular messenger [3] [4] [5] . Insulin also generates transient burst of H 2 O 2 in various insulin responsive tissues such as adipocytes, hepatocytes and neuronal cells, which results in distal modifications of insulin post receptor signaling [3] [4] [5] .
Ironically, insulin under high glucose condition enhances H 2 O 2 generation through membrane bound NADPH oxidase (NOX) [6] . It has also been shown that depending upon concentration and duration of oxidative stress, distal insulin signals can decrease or increase [6] [7] [8] .
Furthermore, several reports have shown oxidative stress can modulate insulin induced mitogen activated protein kinases (MAPKs), which in turn alters insulin induced gene expression [9, 10] .
Chromatin modifications are the penultimate event leading to changes in gene expression.
Many biological pathways results in covalent modifications of histones by acetylation, phosphorylation and methylation, leading to chromatin remodeling and gene regulation [11] .
MAPKs such as p38 and ERK plays an important role in regulating gene expression [12] [13] [14] .
Activation of these kinases activates series of downstream kinases such as RSK2 and MSK1 which results in phosphorylation of histone H3 [15, 16] . Serine/threonine phosphatases such as PP1 and PP2A are shown to be involved in dephosphorylation of histone H3 [17, 18] .
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Accumulating evidences also suggests coordinated changes in acetylation of histones in concurrence with the histone phosphorylation leading to the activation of genes [19, 20] . These coordinated processes are regulated by histone acetyltransferases (HATs) and histone deacetylases (HDACs) enzymes in tandem with histone kinases and phosphatases [21, 22] .
Recent studies have also shown that reactive oxygen species (ROS) can also alter transcription of genes by modifying histone acetylation and phosphorylation levels [23, 24] .
Transcriptional regulation of genes involves multiple histone modifications. Changes in transcription can be elicited by inhibition or activation of one of several different histone modifications pathways [11] . Phosphorylation at Ser10 and acetylation of H3 are known to be involved in gene activation [20, 23] . Likewise, methylation of histone H3 at Lysine 4 is associated with gene activation and that of Lysine 9 with gene inactivation [25, 26] . Although, these reports suggest role of methylation, acetylation and phosphorylation of histone H3 in transcriptional regulation, but precise status of these modifications with respect to changes in insulin induced gene expression, associated with diabetes is still not clear.
Capitalizing on the earlier reports, the role of oxidative stress in altering histone modifications and considering the inherent lacunae in literature regarding the role of epigenetic changes in diabetes associated with insulin resistance, present study was designed to check the effect of hyperglycemia on insulin induced oxidative stress and alterations in posttranslational modifications of histone H3.
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Materials and Methods
Chemicals
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was carried out for the indicated time interval. Insulin dose response study was also performed under normal glucose and high glucose with or without 150 nM okadaic acid (serine/threonine phosphatase inhibitor) for the indicated insulin concentrations.
Immunoblotting: L6 myoblasts subjected to various experimental treatments were washed twice with ice-cold phosphate-buffered saline and lysed in RIPA lysis buffer (10 mM Tris-HCl, pH 7.4, 150 mM NaCl, 0.5 mM EDTA, 1 mM sodium orthovanadate, 10 mM sodium fluoride, 10 mM sodium pyrophosphate, 1 mM phenylmethylsulfonyl fluoride, 10 μg/ml aprotinin, 1 mM sodium butyrate and 0.05% NP-40). After a brief sonication, cells were centrifuged at 12000g
and supernatant were collected as total proteins for immunoblotting. Histones were acid extracted using 0.25M HCl according to method described by Tikoo K et al. [27] . Protein concentration was determined by Lowry method [28] .
For western blot analysis, proteins were transferred onto nitrocellulose membrane and immunoblot analysis was performed by using Anti p-p38 (rabbit polyclonal 1:1000), Anti p38
(rabbit polyclonal 1:1000), p-MSK1 (rabbit polyclonal, 1:1000), p-p90 RSK2 (rabbit polyclonal, 1:1000), Anti p-Histone H3 (rabbit polyclonal 1:5000), Anti acetylated H3 (rabbit polyclonal 1:5000), Anti monomethyl histone Me-H3-K4 (rabbit polyclonal 1:5000), Anti monomethyl histone Me-H3-K9 (rabbit polyclonal 1:5000) and Anti histone H3 (rabbit polyclonal 1:5000).
The antigen-antibody complex was visualized with an ECL detection kit (Amersham Biosciences). The immunoblots were quantified by densitometric scanning with NIH Image J software.
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A C C E P T E D M A N U S C R I P T Cat # C-6827, Molecular Probes) on inverted fluorescence microscope (Nikon, Japan) at an excitation wavelength of 488 nm and emission at 515-540 nm. To avoid photo oxidation, the fluorescence images were collected by a single rapid scan with identical parameters for all samples.
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Isolation of total RNA: At 80-90% confluence, L6 myoblasts were treated with 5 mM + 20 mM mannitol in case of normal glucose and 25 mM glucose in case of high glucose for 5 hr and stimulated with insulin (100 nM) for 30 min and at the end of treatment total RNA was isolated.
Total RNA was isolated using protocol as describe by Chomczynski et al. [29] using TRIZOL reagent (Invitrogen) and purified using RNeasy kit (Auprep RNeasy mini kit, Life Technologies)
according to the manufacturer's protocol. RNA quality and integrity from each sample was assured using Nanodrop (ND-1000) by A260/280 absorbance ratio and using agarose gel electrophoresis respectively. Total RNA prepared from L6 myoblasts was used for cDNA microarray analysis. Analysis of microarray data: Slides were scanned with a Scanarray Gx microarray scanner (Perkin Elmer) and the images were analyzed using Scanarray software. Flagged spots were excluded from analysis. The mean value for each spot was taken and analyzed using Avadis software (Strand Lifesciences). The signal intensities were normalized between Cy3 and Cy5 by performing lowess normalization. The log 2 value for the signal intensity of each spot was calculated for each slide and the significant analysis was performed using student's t test. Fold change was calculated as the ratio of normalized signal intensities of insulin treatment under normal and high glucose conditions. Genes showing more than 2 fold change were taken for further analysis. Genecard (www.genecards.org) and Pubmed (www.pubmed.gov) were used for assigning the genes for specific biological processes.
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Statistical analysis: Data are expressed as means ± S.E.M. Statistical comparison between different groups were done using either student t test for comparison of two groups or for more 9
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than two groups one-way analysis of variance (ANOVA) followed by Tukey test was used. P value less than 0.05 was considered to be significant. myoblast by insulin treatment under normal and high glucose conditions. We observed that insulin induces downregulation of 58% genes out of 469 genes that showed ≥ 2 fold changes in gene expression under high glucose condition (see supplementary data). In microarray data analysis, genes which are significantly down regulated correspond to signal transduction, transcription, metabolism, protein transport, cell adhesion and ion transport ( Figure 6 ). In addition to this, our results also showed up regulation of stress responsive and chromatin modification genes which further support our data.
Results
Insulin
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Discussion
Hyperglycemia with increased production of reactive oxygen species has been shown to alter insulin signaling in skeletal muscle and adipocytes in diabetes [37, 38] . Insulin has been shown to generate intracellular H 2 O 2 under hyperglycemic condition which modulates post receptor insulin signaling cascade [4] [5] [6] 39] .
In the present study, we report for the first time that insulin stimulation enhances the production of ROS which alters histone H3 modifications under hyperglycemic condition. Our data shows enhanced production of intracellular ROS by insulin under high glucose condition. [4, 8] . These results suggest that ROS can exert different effects on insulin signaling depending upon its concentration in a particular cellular condition. The amount of ROS is dependent on the type of cell and its mitochondrial activity. Mitochondrial mass is reported to be increased in myotubes as compared to myoblasts [40] . Thus, the effect of enhanced production of intracellular ROS by insulin under high glucose condition may vary from one cell type to other and needs to be checked further. Phosphorylation and acetylation of histone H3 has been shown to be associated with gene activation. In addition to this, Lysine 4 methylation of histone H3 is also shown to be involved in gene activation whereas, Lysine 9 methylation of histone H3 is associated with gene repression [25, 26] . Our data shows that increase in insulin concentration decreases methylation of histone 
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between the insulin and SAPK2/p38 mitogen-activated protein kinase signaling pathways, J Biol Chem 274 (1999) 36293-9. 
